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ABSTRACT 
Evaporation loss from low pressure spray type sprinklers was in­
vestigated with the use of the potassium ion as  a chemical tracer in 
the irrigat ion water . The experimental set-up consisted of a 1 2 1  m 
line source with low pressure sprinklers attached to 4 m risers 
simulating the outer span of a center pivot irrigation machine . 
Potassium ion concentrations were moni tored in surface applied water 
and in the atmosphere at a 60-m downwind location . Evaporation losses 
ranged from 0 . 5· to 1 . 4 % for a smooth spray plate sprinkler and from 
0 . 36 to 0 . 58 % for a coarse serrated plate sprinkler . Measured 
evaporat ion values for the smooth spray plate s prinkler were highly 
correlated ( R2=0 . 98 )  wi th calculated values from Kinzer and Gunn ' s  
( 1 95 1 )  laboratory work . The resul ts suppor t the use o f  relatively low 
evaporation values ( less than 3% ) for irrigation design purposes . 
ii 
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Irriga t ion effic iency is an important consideratidn in the 
design of an irrigation system . Field application effic iency is 
defined by Bos ( 1 985 ) as the volume of water furni shed to the field 
divided by the volume of irrigation water needed and made avai lable 
for evapotranspiration by the crops . Losses associated wi th sprinkler 
irrigation , which make the field applicat ion effi ciency value less 
than 100 % ,  are appl ication loss ( evaporation and wind drift ) , surface 
runoff loss and deep percolation loss . The combined evaporat ion and 
wind drift loss tends to be the largest of the three losses . 
According to Lundstrom and Stegman ( 1 983 ) : 
"S prinkler irr igation is not 100 percent efficient and 
losses from evaporation and wind dri ft  mus t  be considered . 
Average application efficiencies in North Dakota are 
approximately 85 percent £or applications of about 1 inch of 
wa ter or more and drop to 80 percent for applications of 1 /2 
to 3/4 inch . "  
The U .  S .  Depar tment of Agricul ture ( 1 978 ) uses design efficiency 
values of 70 % for irrigation depths less than 75 mm and 75 % for 
depths of 75 mm or more . Private conversations wi th representatives 
of the sprinkler irr igation industry indicate design values ranging 
from 70 to 90 % depending on cl imatic conditions ( DeBoer , 1 985 ) . In a 
recent ly publi shed paper , Lyle and Bordovsky ( 1 983 ) reported that 
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sprinkler application efficiencies averaged 7 7 . 4  and 90 . 1  % for two 
individual years in a Texas study . The average efficiency for the two 
year s tudy was 86 . 7 % when one value of 6 . 7 % was discarded . 
Many studies have been conducted to obtain an estimat e  of  the 
evaporation component of the application loss value with varying 
success . Several methods have been used to evaluate evaporation 
losses under field conditions . The catch can method used by Kraus 
( 1 966 ) , Frost and Schwalen ( 1 955 ) and Chr istiansen ( 1 942 ) , assume s 
evaporation loss is that portion of the sprinkler discharged water not 
accounted for by the volume of catch in a network o f  catch cans . 
Using this method , approximate evaporation losses are estimated to be 
from 10 to 20 %; however , water falling outside the catch can network , 
because of  wind distortion , and catch can evaporation error s , produce 
evaporation loss values that are higher than actual  values . Although 
these large evaporat ion loss estimates may not exist , engineers tend 
to design irrigation sys tems baaed on extreme con4i t ions . 
Another me thod used by George ( 1 955 ) and Robinson ( 1973 ) to 
determine the evaporation loss involves the measurement of  the sal t 
concentration of  water caught in catch devices . with this method , the 
salt concen tration of the water from the spr inklers is compared to 
that of the water caught in the cans . The s prinkler dischar ge 
measurement error and wind distor tion of the spray are eliminated and 
losses less than half  of those of the catch can me thod are produced. 
Howe ver , evapora tion from the catch devices may still cause errors . 
Currently large differences exi st between field exper imental loss 
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result s  of  5 to 20 % and the 1 to 3 % loss values associated wi th drop 
evaporation theory using thermodynamic principles presented by 
Christiansen ( 1 942 ) and Kinzer and Gunn ( 1 951 ) .  There is  a need to 
resolve thi s issue so that appropriate modificat ions can be made in 
accepted design procedures to compensate for the actual evaporation 
loss value s . 
Pre viously used fiel d  methods have produced evaporation results 
of questionable accuracy . Therefore , the use of a more accurate 
method is desireable . The use of a chemical tracer in the irrigation 
water has the potential for improved accuracy when compared wi th other 
field methods used by previous researchers . 
Reduced pressure sprinklers on continuous ly moving laterals are 
very popular in the irrigation industry . These sprinklers have a 
uni que droplet throw distance and drop size distribution patterns 
which can af fect evaporation loss values . Therefore , i t  was 
appropriate t o  investigate evaporation losses from reduced pressure 
sprinkl ers under field
, 
conditions . 
The pur pose of thi s study was to accurately evaluate the 
evaporation loss from low pressure center pivot and l inear move 
irrigation machines . The specific objectives were as follows: 
1 .  To const ruct a field system to simulate a cont inuously moving 
irrigation machine and to accurately measure sprinkier 
evaporat ion losses wi th the use of a tracer. 
2. To determine the sprinkler losses under di fferent clima tic 
condi tions . 




During the past 45 years , various studies have been conducted to 
determine evaporation losses from sprinkler irrigation systems . The 
resul ts of these studies have been contradictory and the developed 
predictive equations contain different independent varia bles . 
An ear l y  method to measure evaporation loss used catch can 
devices on a grid network , with each can representing a portion of the 
irrigated area . Using the catch can me thod , evaporation loss is the 
difference between sprinkler di sch�rged water and water caught in the 
cans . Christiansen ( 1 942 ) in a classical study found that evaporation 
losses averaged 3 . 9  % in ear ly morning , when the relative humi dity 
exceeded 75 % .  However , in other test runs with low relative humi dity 
about· 1 0  % of  the discharged water evaporated . He attributed some 
unspecified amount  of the loss to evaporation from the can itself . In 
another study , Frost and Schwalen ( 1 955 ) obtained losses of 35 to 45 % 
under low relative humidity , high temperature and bright sunlight 
conditions . These values were not corrected for can evaporation loss . 
By subtracting a can evaporation factor , losses were reduced to 6 to 
15  % of  the applied water . Sternburg ( 1 967 ) found that evaporation 
plus drift losses averaged 20 % during the day and 14 % at  night . All 
of these researchers had di fficulty wi th evaporation loss from the 
cans . 
Christiansen ( 1 942 ) at tempted to correct the problem by putting 
funnel s  on top of the cans . This did not work and he was unable to 
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find a way to reduce can evaporation loss . Frost  and Schwalen ( 1 955 ) 
found that painting the catch cans whi te g�eatly reduced evaporation 
loss . They also developed a correct ion factor for can e vaporation by 
comparing cans hal f  fil led with diesel fuel to cans without diesel 
fuel . Cor recting the data for can evaporation reduced thei r estimate 
of spray evaporat ion from a high of 29 % to a high of 1 5  % .  Sternburg 
( 1 967 ) painted his catch cans white and added 1 . 5 em of  kerosene to 
reduce can evaporat ion . Perhaps because his appl ication rates were 
low ( 5 . 3  to 6 . 1 mm/h ) his results  show a 3 . 5  times greater evaporation 
rate than that o f  Frost and Schwalen ' s  ( 1 955 ) nomograph ca lculations 
for simi lar operating and climatic conditions . Evaporation loss from 
catch cans wi l l  be a problem unless proper precautions are made . 
Another method o f  estimating evaporation loss invol ve s  the meas­
urement of salt conc entration or electrical conductivity of the water 




concentration is compared with the concentration o f  the 
water . George ( 1 955 ) found that evaporation losses using a 
coated wooden funnel we re on the order of 5 % of the 
discharged water . The climatic parameters in Geor ge's study ranged 
from 9 . 4  to 24 . 2  C ,  and from 10 to 51 % relative humidity ( RH )  wi th 
windspeeds from 1 . 1  to 9 . 6  m/s . He found good correlation . with 
relative humidity , but little with vapor pressure deficit . In a 
simi lar study on a day wi th a temperature of 47 C ,  2 7  % RH and 0 . 8  m/ s 
winds , Robinson ( 1 973 ) measured evaporation losses o f  0 . 73 to 8 . 03 % 
in the area o f  overlapping sprinkler patterns and a high of 2 1  % in 
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the low application rate fringe area . The increase in electr ical 
conduc tivity in the fringe area theoretically shoul d have caused leaf 
burn , though no leaf burn was detected . In an investigation by Yazer 
( 1 984 ) , e vaporation loss was found to vary between 1 . 5 and 1 6 . 8 % wi th 
good correlation between evaporation and wind speed and good 
correlation between evaporation and vapor pressure deficit . 
Temperatures ranged from 18 . 9  to 33 . 3  C and vapor pressure deficits 
ranged from 2 . 93 to 3 1 . 2  mbar . 
Kraus ( 1 966 ) also conducted a study to measure evaporation loss 
by the change in sal t  concentration between the dis charged and caught 
water . He also measured wind drift and combined the two in his 
report . Hi s results showed that  total losses varied from 3 . 4 % during 
a run with a windspeed of 1 . 0 m/s and 78 . 4  % RH to 1 7  % for a run wi th 
a windspeed of 1 . 7  m/s and 37 % RH . He reported that 36 % of the 
total loss was from wind drif t . Lyle and Borovsky ( 1 983 ) reported 
sprinkler losses ranging from 0� 1 % on a day with a temperature of 32 
C,  42 % RH and 3 . 5 m/s wind velocity to 93 . 3  % on a day wi th a 
temperature  o f  2 5  C ,  25 % RH and 9 . 9  m/s wind veloci ty . 
In the previously reported studies , various methods o f  sup­
pressing evaporation from the catch can devices were  used . George 
( 1 955 ) used a paraffin coating to cause the water to rapidly flow down 
the funnel into his catchment device . However , it was observed that 
the droplets beaded up and did not flow rapidly down . To estimate 
catch can loss , George sprinkled water into the catchment device from 
only 20 em above the device to negate air travel losses . His resul ts 
8 · 
showed that over 70 % o f  his reported evaporation losses were• coming 
from the device itsel f .  However , he believed the actual loss was 
about 1 /2 o f  that indicated by the catchment device  data , suggesting 
that of his reported 5 % evaporation loss , only 2 . 5 % occurred while 
the drops wer e  in the air with the remaining loss occurred in the 
catchment funnels . Kraus ( 1 966 ) used the same paraffin coat ing on his 
cans along with 6 mm of lard oil in the bottom o f  the can to suppress 
can evaporation . He assumed that no water was lost from.hi s cans . In 
Robinson ' s  ( 1 973 ) investigation , a thin film o f  mineral oil was used 
to suppress evaporation in his catch devices . Robinson· ( 1 973 ) al so 
believed that no evaporation occurred from his cans although side wal l  
evaporation could have occurred . In Yazer ' s  ( 1 984 ) study , no 
suppressant was used in the catch funnels and no correction was made 
for possible loss . 
Til l  ( 1 957 ) conduc te d  an investigation with temperatures ranging 
from 6 to 31 C ,  relative humi dities from 20 t o  92  % and wind 
ve locities from 0 to 1 . 34 m/s to determine evaporation l oss . He used 
the increase in chloride concentration to estimat e  evaporation loss . 
The results  obtained under low wind condit ions resulted in losses of 
0 . 4 1  to 2 . 76 % of the applied water . There was no can evaporation 
suppressant used in the experiment . 
Inoue and Jayasinghe ( 1962 ) studied the drop size distr ibutions 
and evaporation los ses from a rotating sprinkler . They reported a 
droplet flight time of 1 . 7 s .  Even under extreme atmospheric 
condi tions the evaporation from the spray did not exceed 6 % .  
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Kinzer and Gunn ( 1 95 1 )  conducted a classical laboratory study on 
the evaporation o f  indi vidual water drops fal l ing at termina l 
velocity . Their method involved droplets supported in an air column 
with in a tapered glass tube . The air f low was maintained· at a 
constant rate which allowed the evaporating drop to rise in the tube 
as i ts diameter  decreased . The drop was blown out of the tube by a 
sudden increase in air flow rate and was caught in an oil  bath where  
the  diameter was measured wi th a reading microscope . Drop temperature 
was also determined . Their study involved individual water drops 
while o ther investigators report results are for  a distribution of 
drop sizes . Since Kinzer and Gunn ' s  work was done in a laboratory , no 
correc tion was made for solar energy causing additional evaporation . 
I f  all incident energy from the sun at solar noon was absor bed by the 
drop and used to evaporate water , an additional 0 . 6  % could be 
evaporated . 
Estimates were made by Inoue ( 1 963 ) , Yazer ( 1984 ) , Kraus ( 1 966 ) 
and Sternburg ( 1 967 ) to determine the amount o f  wind drift  water 
carr ied downwind and beyond the boundry  of the no win d  spray pattern . 
Inoue used magnesium oxide slides placed 8 . 7  m downwind from the edge 
of the undisturbed sprinkler pattern to obtain direct measurements of 
spray drift . Stains on slides were measured to determine the size of 
droplets and the amount of drift . The results  of 17 measurements 
indicated that from 0 . 0 1 4  to 0 . 7 1 % of the di scharged water moved as 
mist  drift at  wind speeds of 0 . 86 to 4 . 26 m/s respectively . A single 
observat ion at an average wind speed of 7 . 35 m/s resulted in a mi st 
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drift reading of 5 . 2  % of the di schar ged water . However ,  because of 
the location of the sampling devices , the wind could have actually 
distorted the sprinkler pattern enough f�r the spray to reach the 
measurement site under the 7 . 35 m/s wind condition . 
Yazer ( 1 984 ) also used magnesium oxide slides; however , the 
slides were placed only 3 m downwind from the undisturbed sprinkler 
pattern . His drift loss measurements at windspeeds o f  2 . 68 t o  6 . 7 1 
m/s varied from 2 . 0 to 1 5 . 1  % respectively . He concluded that the 
average wind drift  loss was 47 % of the total loss , but wind 
distortion of the s pr inkler  patt ern may have caused the spray to reach 
hi s sampling sit e . 
In Kraus ' s  ( 1966 ) investigation , wind drift was expressed as the 
amount of water not . caught in catch cans minus evaporation loss 
estimates . He reported that a low of 0. 1 % of the discharged water 
drifted at a wind speed o f  1 . 1  m/s and a high of 8 . 4  % at  wind speeds 
of 1 . 79 and 4 . 53 m/s . Kraus concluded that on the average , 36 % of 
the total loss was due-to wind drift . 
Sternburg ( 1 967 ) stated that 60 % of the total loss was due to 
drift during the daytime conditions . The combined loss was determined 
by comparing the average depth of water applied with the average depth 
caught in the cans . He stated that the average daytime combined loss 
was 20 % of the total appl ied water . The average night time loss was 
14 % .  He reasoned that evaporation was small compared t o  wind drift 
at night, thus he concluded that wind drift accounted for 60 % o f  the 
loss . However , serious questions can be raised concerning the amount 
1 1  
o f  the catch caused by wind distort ion of the sprinkler  pattern. 
The accuracy o f  catchment devices was studied by  Kohl ( 1 972 ) and 
Marek et al . ( 1 985 ) . Kohl ( 1 972 ) compared a modified separatory 
funnel with a quart oil can , a Frost can , a standard three inch rain 
gage and a plastic wedge rain gage , all with and without oil in the 
bottom . The separatory funnel was designed to maintain a level o f  
diesel fuel 2 e m  below the upper edge . Thi s  funnel practically 
eliminated evaporation loss once the water droplets r eached the fuel . 
Of par ticular interest are the oil can data . Percent catch of the 
cans with and without fuel compared to the percent catch of the 
separatory funnel ranged from 6 to 81 % for the can wi thout oil , and 
from 69 to 89% for the can wi th oil as application rates inc reased 
from 0 . 9  to 9 . 4  mm/h . Solar radiation on the catch devices was blamed 
for a majority of the loss . This could also account for the higher 
e fficiency of the cans as appl ication rates increased because the same 
absolute amount of water would-need to evaporate to account for the 
heat load on the can . With higher application rates a higher 
percentage would remain in the cans . 
In a similar study by  Marek et al . ( 1 985 ) , a quart oil can and 
fuel funnel were · evaluated against the separatory funnel . An 
application rate of 34 mm/h was selected for all tests . The oil can 
caught between 2 . 2  and 1 2 . 0  percent more water than the separatory 
funnel , and the fue l funnel caught be tween 4 . 4  and 30 . 3  % more water 
than the separa tory funnel . The results showed that the catch in the 
fuel funnels was not normally distributed while _the other two devices 
1 2  
had normal distributions . The authors concluded that the quart oil 
can was a reasonably good device at high application rates but that 
the fuel funnel should not be used . 
1 3  
PROCEDURE 
The field research s ite was located on the north,edge of 
Brookings, South Dakota . No wind obstructions exi sted 1 500 meters 
upwind from t he site which insured a uniform wind profile over the 
research area . 
The line source used in the invest igation consiste d  o f  four side 
by side 7 . 6 em diameter pipes wi th 9 . 1 5 m outlet  spacings . By using 
four pi pes, the friction loss and pres sure var iation along the line 
was minimized and with proper placement, a sprinkler spacing of 2 . 3  m 
was obtaine d . Thi s closely approximates the spacings used on center 
pivot and linear move machines .  Four meter r i se r s  wer e  used to 
simulate the sprinkler height on field machines . Guy wires were used 
to maintain the risers in an upright posi tion . The d ischarge of the 
system was 0 . 3  L/s per meter of line which cor responds to the 
di scharge on the outer span of cGmmercial center p i vots . 
The line source was 1 2 1  m long and placed at a 1 0  degree angle 
north of eas t  ( Figure 1 ) .  This was done so that the longitudinal axis 
of the lateral was perpendicular to the prevailing summer wind 
direction from the south southeast . Figure 1 also shows the location 
of the mixing pond and posit ion of the insturmentation which is on a 
ray perpendicular to the line source at its center . A schematic cross 
section of the site 1s presented in Figure 2 .  The line source is on 
the lef t  and the wind is moving from left to righ t as depic t ed by the 
wind arrow . 
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Evaporation loss was determined by summing two components . One 
component was from partially evaporated droplets that were 
intercepted in catch cans on the soil surface . The second component 
was from completely evaporated droplets that leave behind a suspended 
residue which was monitored in a downwind ver tical plane . Perpen-
dicular to the center of the line source , a duplicate row of catch 
cans was p laced from 3 m upwind to 12 m downwind . From 15 m to 60 m 
downwind , catch funne ls  were placed at interva l s  of 5 m to collect 
smaller , wind drift droplets . A valve and pressure gage were p laced 
on the riser at the center of the line source to insure correct line 
pressure and to provide a port to co llect water samples ( Figure 3 ) . 
* 
Nelson Spray I low pressure sprinklers were used in the study 
( Figure 4 ) . The sprinklers were  equipped with 6 . 4  mm d iameter nozzles 
and smooth and course serrated spray plates . Individual experimental 
runs were made wi th each spray plate . Drop size distributions for the 
spray plates are presented in Fi gure 5 ( Kohl & DeBoer 1985 ) . The 
smooth spray plate produces smaller dr op sizes than standard impact 
sprinklers ( Kohl , 1 974 ) and should be the mos t  susceptable to 
evaporation and mist drift , while the coarse serrated plate produces 
* 
Product name is included for the bene fit of the reader and 
does not imply endorsement of the produc t by South Dakota State 
University . 
� ... �� -
Figure 3. Center riser with low 
pressure sprinkler, pressure gage 
and water sample valve. 
6 A t:b 
Fieure 4. Low pressure sprinkler with 
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Figure 5. Droplet size distribution for the two spray sprinklers used in 
the study (Kohl and DeBoer, 1984). 
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larger drops than impact sprinklers and shoul d be the least 
susceptable to evaporation and drift during each run . The run 
procedure used in thi s study was to open the val ve from the pump 
leading to the line source while simul taneously closing the valve to 
the recirculating l ine to the mixing pond . A man standing by the 
pressure gage woul d signal the valve operator when proper throt tling 
was accomplished . The correct pressure setting of  1 00 kPa took 
approximately one half  minute to accomplish . The air sampl ers were 
turned on and operated for 15 minutes and then the entire system was 
turned off . The data were then collected . 
The potassium ion was used as the chemical tracer in this study . 
Potassium chloride ( KCl ) was used as the source o f  the potassium ion 
because it is water soluble , easi ly t raced , nontoxic , readily 
available and inexpensive . 
The research site contained a tracer mixing pond capable of hold­
ing about 25 m3 o f  water . The pond was constructed by digging .a 
square pyrami d shapeq hole and leaving all the soil at the edges to 
provide extra holding capaci ty . A 12 by 12 m sheet of 6 mi l plastic 
was placed into the hole to seal the mixing pond ( Figure 6 ) . A 
centri fugal pump was used to fill the mixing pond from an adjacent 
lake and to pump the tracer wa ter through the line source during all 
experimental runs . 
Water droplets can either completely or partial ly evaporate . If 
evaporation is complete , the KCl resi due wi ll remain in the air stream 
and be col lected in the air samplers located 60 m downwind from the 
20 
· Figure 6 .  Mixing pond and cent rifical pump . 
2 1  
line source . I f  evaporation is not complete the small droplet s wi ll 
be deposited on the horizontal sur face and the water tested from the 
catch cans would have a higher KCl concentration than water coilected 
from the irrigation lateral directly . Sprinkler evaporation losses 
were evaluated using the increase in the potassium ion concentration 
in the cans in the horizontal plane and the potassium concentration in 
the air filters in the ver ticle plane . 
Air Sampling 
A preliminary investigation was made to de termine the t urbulant 
mixing by the wind as it  moved from the sprinkler lateral to the air 
sampler posit ion . This was necessary to determine the maximum 
elevation needed for placement of the air sampler s . Sev eral smoke 
candles were placed at  the 4 m sprinkler height . At distances of 20 , 
40 , and 60 m downwind , 5 m high by 0 . 2  m wi de range poles were placed 
for reference purpo ses . Maximum air sampler elevations , required for 
sampling the vertical profile of the tracer pattern , were  established 
as 8 and 12 m for the 40 and 60 m downwind locations , respectively , 
when the smoke drift  patterns were analyzed . Duplicate air samplers 
were positioned at 1 ,  2 ,  4 ,  8 ,  and 12 m elevations to accomodate a 
logari thmic wind velocity profile ( Figure 7 ) . 
The wind velocity profile was measured using anemome ters on 
three support  
supported three 
poles . One location near the 40-m sampling pole 
anemometers at elevations of 1 ,  2 and 4 m ( Figures 1 
.I 
l 
Figure 7. Air samplers located 60 m 
downwind from the line source. A 
portable generator is located to the 






Figure 8 .  Wind anemometers positioned 1, 2 
and 4 rn above the soil surface and located 




and 8 ) . An anemometer was also mounted on the 40-m pole at the 8 m 
elevation and two anemometers were attached to the 60-m pole at the 8 
and 1 2  m elevations . 
Air samplers were  constructed of gal vanized steel and high vol­
ume vacuum fans ( Figures 9 , 1 0 and 1 1 ) . The samplers were designed to 
accomodate a 203 by 254 mm filter at a 45 degree angle to the air flow 
lines . Thi s  design provided an even distribution o f  par ticulates over 
the filter . The volume of intake averaged 2 m3/ s  although each air 
sampler was individually  calibrated . ( Table 1D  in appendix ) 
Calibration was done in an Agricultural Engineering labo rato ry 
using a Thermal Systems Incorporated hot wire anemometer . Flow 
measurements were  taken at five locations across the air samp ler wi th 
both a 7 . 6 and 1 5  em diameter intake pipe . The intake pipe was more 
than two diameters long to assure straight , parallel s tream lines of 
air entering the sampler ( Prasuhn 1 984 ) . Intake diameters were 
selected so that sampler inlet- velocity is approximately equal to 
field wind velocities to minimi ze the convergence or divergence of 
flow lines at the intake port . A small hole was dr illed near the base 
of the calibration intake pipes for hot wire anemometer measurements .  
Each sampler was cali brated using two di fferent filter pads . The 
t otal intake air f low rate was computed by adding individual flow 
rates for concentric cylinders 
replications . 
of air and averaging the two 
The anemometers were checked for accuracy by placing them next 
to the Weather Service anemome ter at the SDSU Plant Science farm site . 
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Figure 11.  Section view A-A of air sampler. 
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GLASS FIBER FILTER 
40 
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The read ings were wi thin 1 . 5 % of the Weather Service anemome ter . 
The Ge lman A/E glass fiber filter was chosen for i t s  high trap 
efficiency of  99 . 98 % for 0 . 3  micron particles at the air flow rates 
used in the inve stigation (Amer ican Public Heal th Association , 1 977) . 
Glass filters are inert to KCl which makes tracer extrac t ion very easy . 
Whenever the filters were handled , new plastic  surgical  gloves 
were use d  to prevent KCl contamination from residue on the hand s . In a 
preliminary study , background KCl from a handled filter vs . a filter 
handled with surgical gloves was tested on the Atomic Absorption unit 
(AA )  uni t . The filter handled wi th bare hands contained twice as much 
KCl as the fil ter handled with gloves . This confirmed that filters 
must be handled with new gloves to prevent contamination . 
Fi lters were installed in the air samplers inside a trailer to 
avoid windblown contamination . The air samplers were t hen placed in 
their specified locations on the support pole just before an 
experimental run . The samplers were immediately returned to the 
trailer upon completion of the run and clean gloves were  again used to 
remove the filters and place them in new locking plastic bags for 
transportation to the laboratory . 
An air sampler wi th filter was also placed at the 2 -m elevation 
for 1 5  minutes wi thout operation of the sprinkler line source to obtain 
a background measurement of potassium not associated directly with 
spray drift  and evaporation . 
Electricity to operate the air samplers was provided by a port­
able generator . Voltage was controlled by a rheostat on the generator 
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and maintained at 1 1 7  +/- 1 v during the experimental runs . By 
maintaining the proper voltage for all runs the air flow rates should 
have remained cons tant . 
Catch Cans 
Catch cans and catch funnels  were used in the study to collect 
and measure line source water falling on the horizontal surface . The 
catch cans were  s tandard quart oil cans with a 1 00 mm diameter opening 
( Figure 1 2 ) .  Paired cans were positioned parallel to the wind 
direction at a distance 1, 2 and 3 m  upwind of the lat eral and 0 ,  1 ,  
2 ,  4 ,  6 ,  8 ,  10  and 1 2  m downwind from the lateral . To control can 
evaporation loss, no. 2 diesel fuel was added to wi thin 2 em of the 
can top. Side wa ll evaporation was assumed to be negligible . 
Catch funnel s  were used from 1 5  to 60 m downwind at  intervals of 
5 m ( Figure 1 3 ) .  The funnels w�re plastic and had a plastic tube 
at tached to the tip which was folded and clamped wit h  a vise grip to 
prevent leaking . A hollow frustrum ring was placed on top of the 
funnel to give a more precise catch area and ent rance charac teris tics. 
The inside diameter of the ho llow frustrum was 243 mm .  Number 2 
diesel fuel was added to within 3 em of the top to suppress 
evapora tion from the funnel. 
The volume of  catch was measured by pouring the contents of a 
can or funnel into a separatory funnel , allowing i t  to se ttle , and 
then discharging the water into a graduated cylinder for measurement . 
Figure 12 . Duplicate 100 nm dial!leter catch cans 
containing diesel fuel evaporation suppresent to 
wi thin 2 em of the top. Figure 1 3 . Catch f�nnel with hollow 
frustrum ring and diesel fuel 3 ern 




Al l the water was discharged into the graduated cylinder along with 
several milliliter s  of diesel fuel to assure that  all  the water was 
measured . Measuring the water volume was accurate because the water-
diesel inter face was easy to see . A sampl e  of  water was then 
collected for later analysis on the atomic absor ption uni t . 
A laboratory experiment was conducted to determine what effect 
the KCl might have on the evaporation rate of water . In the 
experiment, six petri dishes were filled with distilled  water and six 
petri di shes were filled with a 4 , 000 ppm KCl solution . The di shes 
were weighed every hour for six hours and their weights recorded . The 
rate of evaporation was not significantl y  different at the .OS level 
between the two sets of  petri di shes . Therefore the KCl content of 
rhe water should not have an affect on the evaporation of the water . 
In another laboratory experiment water containing about. 2 200 ppm 
KCl was sprinkled from 5 em above a can of  diesel fuel to determine 
what ef fect the diesel fuel might have on the KCl in solution . The 
water was then analyzed on the atomic absorption unit where the 
potassium content was determined . The results showed no significant 
difference in the concentration of potassium in the water before and 
after it passed through the diesel fuel . Therefore, the diesel fuel 
in the catch cans and funne ls  should not have an affect on the 
potassium concentration of  the col lected water . 
The maximum error involved with the volume measurements of  the 
catch cans was +/- 1 % ,  the smallest division of  the graduated 
3 1  
cylinder . 
Atomic Absorption Unit  
The atomic absor ption unit ( AA ) used  in 1 984 was  located in  the 
chemistry department . The 1 985 data were collected from an AA unit  
located in the  soil testing laboratory at South Dakota State 
University . 
two machines . 
The decis ion to move was based on the stability of the 
In det ermining the amount of KCl in the glass filters, glassware 
( including pipets , stirring rods , 50 mL beaker s ,  1 00 mL volumetric 
flasks and test tubes ) was washed and then double rinsed with 
distilled water and allowed to completely dry . The air filters were 
folded, placed into 50 mL beaker s, and 30 mL of distilled  water was 
added to the beakers wi th a pipet . The glass filters were then 
pulverized . Wattman ashless filters were placed in flared test tubes 
and the pul verized fil ter extract passed through to remo ve glass 
fibers so they would not block the aspirator on the Atomic Absorption 
unit . Disti lled water was fi ltered through several of  the Wattman 
filters for each analysis as a check on the g lassware cleanliness and 
possible Wattman filter contamination . 
Solutions of  5 ,  1 0 , 20 , 40 , 60 , 80 , and 100 ppm KCl were  passed 
through the AA unit  to establish the calibrat i0n curve. The solutions 
were tested before and after every 10 to· 1 2  samples to reduce errors 
that mi ght occur from instrument drift . Readings were recorded after 
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3 consecutive readings were the same . If  a sample was off  the scale , 
a dilution was made to bring it within the bounds of  0 t o  100 ppm . 
To analyze the fiel d water samples, 1 mL of  extract was p laced 
in a 100 mL volumetric f lask with a pipet, and the flask was labeled . 
Then distille d  water was added to the flask and the volume brought up 
to the 100 mL mark . This dilution brought the concent ration within 
the instrument range of 0 to 100 ppm . The value obtained was 
multi plied by 100 to obtain the true concentration . 
The maximum error involved with the procedure and analysis using 
the atomic absorption unit was +/- 1 . 5 % o f  the po tassium 
concentration , which was the largest difference between two subsamples 
diluted from the same original sample . 
Analysis Procedure 
A water balance approach was-used to de fine the important 
components  of the study . 
( 2 )  
where Qt 
= volume of water discharged from the sprinklers . 
volume of water caught in the catch container s  
perpendicular to the lateral and t o  a distance of  6 0  m . 
downwind from the line source . 
Q volume of evaporated water as measured by an increase in ec 
potassium concentration in the catch container s .  













potassium passing through a vertical plane 60 m downwind 
from the lateral . 
Qt values were determined by summi�g the three terms on the 
right side of e quation 2 .  Q and ec Qev values were  directly 
measured in contrast to a commonly used procedure where the values are 
defined as the di fference between Qt and Qc . Direct measurement 
of Qt was not use d in thi s investigation because flow meters with 
accuracies of +/- 5 % do not have sufficient preci sion to detect the 
sum of the 
the volume 




and Q values . ev 
in the catch cans 
Qc ' was computed 
Qc was determined by measur ing 
divided by the area of the can in 
using Simpson ' s  rule over the 
area represented  by the catch cans . 
The 
The value Q was determined using the following procedure . ec 
value the evaporation for a given area represented by the 
catch cans was computed us ing: 
where 
q = ( ( C /C 1 - l)V /A) ec c c 
= volume evaporated from water caught in a 
container in L/m2• 
( 3 )  
single catch 
C potass ium concentration of wat er collected from catchs c 
containers in ppm . 
cl = potassium concentration of source lateral water in ppm . 
v = volume caught in can in L .  c 
A of in 
2 = area can m . 
Qec was 
then calculated by using Simpson'� rule where at least 
3 cans in a row had evaporat ion loss values , and by a histogram plot 
) 
where it was not appropriate to use Simpson ' s  rule . 
The value of  q was determined using the fo l lowing equation: ev 
q = (C *V ) ( U*W*H )/C *Q ev as H20 1 as ( 4 )  
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where qev 
= vo lume o f  evaporated water passing a given elevation at 
the 60 m pole in L .  
C concentrat ion of potassium collected from air samp�er as 
filter in ppm . 
volume of  water used to extract potassium from filter 
in L .  
U wind velocity at air sampler elevation in m/s . 
W = uni t  width of  air sampled . 
H unit  height of air sampled . 
3 
Qas 
= vo lume of air samp led by air sampler in m /s . 
Qev was then calculated by summing qev values using a histogram 
plot . 
Evaporation loss values were calculated from 
EVAP = 100(Q + Q ) /Qt ec ev 
where EVAP = evaporation loss in percent. 
( 5 )  
A procedure was developed to independently calculate sprinkler 
evaporation loss from the climatic data collected in this study. The 
procedure of Kinzer and Gunn ( 1 95 1 )  was chosen . Dro p  size 
distri bution data for low pressure sprinklers came from Kohl and 
DeBoer ( 1 984 ) ( Figure 5 )  and droplet fall times were calculated by the 
method of  Seginer ( 1 965 ) . 
) 
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Drop fal l time s were calculated for drops emitted horizontally 
from a sprinkler . I t  was assumed that water drople t s  fal l  at the same 
rate in s t i l l  air as they fal l  in turbulant air . While this 
assumption may be sl ightly in error, resultant vertical wind vector 
data were not available . The best explanation for this assumption is 
that the water droplet behaves like a projectile moving through a 
fluid while being acted upon by drag and gravity forces . Wind 
translocates the final impact point , but not droplet flight time . 
Droplet fl ight times were  determined by calculating drop posit ions at 
time interva l s  of 0 . 0 1  seconds until the droplets reached the soil 
surface . Evaporation opportuni ty times were assumed to be the same 
as flight times . 
Drop size distributions were subdivi ded into 0 . 1 mm intervals 
for each spray plate distribution . Evaporation loss  was then 
calculat ed by interpolation between the tabular values of Kinzer and 
Gunn ( 1 95 1 ) .  By summing up the evaporation loss from each drop size, 
a composite evaporation loss was determined . 
reported later . 
These values are 
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RESULTS AND DISCUSS ION 
An initial data set was collected during the summer of  1 984 . 
All data were collected from smooth spray plate sprinklers on 4 m 
risers . Measured evaporation values presented in Table 1 were 
determined from Qev values only which were collected at  the 40-m 
pole posit ion . Calculated loss values based on Kinzer and Gunn's 
equation are also presented 
Table 1 .  Measured and predicted evaporation loss for 1 984 . 
Run Temp . RH Winds peed Measured Calculated 
no . evap . loss evap . loss 
c % mls % % 
1 2 2 . 6  55 4 . 2  0 . 3 1 0 . 93 
2 23 . 4  6 1  7 . 5  3 . 3  0 . 88 
3 36 . 2  28 3 . 9  0 . 60 2 . 90 
4 20 . 0  45 5 . 0  0 . 20 0 . 83 
5 23 . 0  53 4 . 6  0 . 28 1 . 02 
Climatic parame ters reported in Table 1 are temperature ,  rela-
tive humi dity and wind velocity at the 4 m elevation . Temperatures 
ranged from a low o f  20 C to a high of 36 . 2  C, relative humidity from 
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28 to 61 % and wind velocity from 3 . 9  to 7.5 m/s . 
It  should be noted that measured and ca lculated losses are not 
consi stent . Measured losses tend to be less than the calculated 
losses except in run no . 2 which had the highest measured loss of 3 . 3  
% and the highest wind speed of 7.5 m/s .  The calculated value was 
0 . 88 % showing a discrepancy . It is probable that significant 
amounts of  water were  carried directly into the air samplers which 
was inter puted as evapora tion loss . Measured evaporation for run 
no . 3 ,  which had the highest temperature and lowest relative humi dity , 
was only 0 . 60 % .  but had a calculated value of 2 . 90 % ,  showing a 
large discrepancy wi th the measured datQ in. the opposite direction 
from run no . 2 .  These results , while of the r ight order of 
magnitude , show signif icant procedural problems . 
At high wind speeds a large amount of spray drift could be seen 
and detected passing the 40-m pole . The value s of  air sampler 
catches regre s sed against windspeed gave an R2 value o f  0 . 85 .  This 
correlation is likel y  due to the volume of mi st drift reaching the 
air samplers . 
At the end of the summer it was apparent that the evaporation 
loss was not we ll correlated wi th cl imatic prameter s of temperature 
and relative humidit y  assumed to be the major parameters causing 
evaporation . Based on these preliminary results  a deci sion was made 
to install a second air samp ling pole loca ted 60 m downwind and to 
measure evaporation from par tially evapora ted droplets reaching the 
soil sur face . 
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Modifications to the field system were made prior to the start 
of the 1 985 data collection season . July and August o f  1 985 were 
unseasonably cold and at times wet . July ' s  mean temperature was 2 . 4 
C below normal . The problem of  low temperatures and rainy weather 
was coupled with fewer than normal days with a southeast wind needed 
for this investigation . However , nine experimental runs were 
conduc ted during the season ; five with smooth spray plates and 4-m 
risers , three with coarse serrated spray plates and 4-m risers and 
one with smooth plates and 2-m riser s . 
The determination of  the evaporation loss from the water caught 
in the cans , Q was done by two methods . ec ' First the loss was 
evaluated as the amount of increase in potassium ion concentration 
over the average concentration of the lateral water . Then the 
evaporation loss was determined by using data where the 
concentrations were greater than the average concentration plus one 
standard deviation value . The second method was used in the analysis 
because small errors 'in sample preparation can indicate evaporation 
losses when none exist s .  I f , for instance , a high discharge catch of 
20 . 0  L/m2 has a small increase in potassium ion concentration of 
0 . 1 % over the concentration in the lateral , the val ue of  evaporation 
would be 0 . 02 L .  However , this small increase would  likel y  be caused 
by errors invo lved in pipeting or other random error s . Another 
justification for using the mean plus one standard devia tion data to 
indicate evaporation losses was that some of the can concentrations 
were slightly  below the lateral concentration . This signal s to the 
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researcher that some experimental errors are occur ring in the 
anal ysis of the catch water . These problems also point out the 
sensitivit y of the AA unit and alerts the researcher that care is 
needed to perform the sensitive work of analyzing water samples on 
the AA unit . 
Evaporation loss values for the six smooth plate experimental 
runs conducted in 1 985 are presented in Table 2 .  Adjusted 
evaporation losses were calculated using the mean line source 
concentration plus one standard deviation , unajusted values were 
calculated using only the mean . Evaporation losses were also 
calculated using Kinzer and Gunn ' s  equation and the results are 
presente d in 
and unadjusted 
the right hand column of Table 2 .  
evaporation los s values are 
While both adjusted 
in agreement with 
calculated values , adjusted evaporation loss more closely follows the 
calculated values . Measured data va lues range from 1 . 4 % loss on a 
day with a 6 . 3  m/s wind s peed , 29 C ,  and 60 % RH with the 4-m risers , 
to 0 . 58 % loss on a day with a 5 . 9  m/s wind speed , 2 7  degrees C and 
72  % RH with the 2-m risers which represented a corn field with a 
full canopy cover . The average measured evaporation loss for the six 
smooth plate runs was 0 . 9 1 % .  The results show high unadjusted 
evaporation losses for runs no . 4 and 5 .  The amount of  evaporation 
is qui te large compared to the calculated value of Kinzer and Gunn . 
However , the adjusted evaporation values are lower for runs no . 4, 
and 5 .  The remaining results vary slightl y between the two data 
reduc tion methods . These results indicate that water evaporation 
4 1  
Table 2 .  Measur ed and predicted evaporation loss for 1 985 smooth 
plate sprinklers 
Run Temp . RH Winds peed Measured Measured Calculated 
no . evap . loss evap . l o�s evap . loss 
unadjusted a adjusted 
c % m/s % % % 
1 29 70 6 . 7  1 . 20 1 . 10 1 . 1 6 
2 29 60 6 . 3  1 . 40 1 . 40 1 . 5 1 
3 23 54 4 . 7  0 . 9 1 0 . 90 0 . 96 
4 2 2  58 4 . 9  1 . 07 0 . 76 0 . 83 
5 24 67 5 . 7  1 . 73 0 . 70 0 . 78 
*9 2 7  72  5 . 9  0 . 77 0 . 58 0 . 50 
-r.� 2 m riser 
Average losses 1 . 18 0 . 9 1 0 . 96 
a Unad jus ted values were  calculate-d by summing can concentration 
values greater than the mean line source concentrat ion . 
b Adjusted values were calculated by summing can concentration 
values greater than the mean line source concentration plus 
one standard  deviati on . 
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loss from sprinkler spray is an order of magnitude smaller than 
commonly used applicat ion losses ranging from 10 to 20 % .  
The results  from the three coarse plate experimental runs are 
pr esented in Table 3 .  The maximum adjusted measured loss was 0 . 57 % ,  
occurring on a day with 6 . 8 m/s winds , 26 C and a 60 % RH . The 
minimum adjusted measured loss of 0 . 36 % occured with 6 . 8 m/s winds , 
2 1  C and a 60 % RH . The largest absolute difference be tween measured 
and calculated values for these data was 0 . 36 % .  Calculated losses 
averaged 34 % less than the measured losses for the serrated spray 
data . 
The measured and calculated loss data are also graphically pre-
sen ted in Figure 1 4 .  Data value s lie very close to the equal value 
line . There is an excellent correlation ( R
2 = 0 . 98 )  between the 
values for the smooth plate data set which st rongly supp·orts  the 
validity of the calculated evaporation loss from drop size 
dist ributions and me teorlogical conditions . The three coar se plate 
data values are sligh tly  higher than the equal value line . The 
ave rage evaporation loss for all nine trial runs was 0 . 77 % .  
The results from the three test runs using the· coarse serrated 
spray plates reveal some slight di fferences be tween the measured and 
calculated values . In run no . 6 the unadjusted value is much higher 
than . the other two coarse plate results . Complete data sets can be 
found in the appendix . In the coarse serrated plate results , Kinzer 
and Gunn ' s  calculat ion predicts  very low evaporation due to the large 
drop size involved with the coarse plate . Errors in measurement of 
Table 3 .  Measured and predicted evaporation loss for 1 985 coarse 
serrated spray plate sprinklers 
Run Temp . RH Winds  peed Measured Measured Calculated 
no . evap . loss evap . los� e vap . loss 
unadjusteda adjusted 
c % m/s % % % 
6 2 1  7 1  6 . 8  1 . 5 1  0 . 36 0 . 09 
7 26 60 6 . 8  0 . 57 0 . 5 7 0 . 2 1  
8 30 67 9 . 7  0 . 67 0 . 56 0 . 20 
Average losses 0 . 92 0 . 50 0 . 1 7  
a Unadj usted values wer e  calculated b y  summing can concentration 
values greater than the mean line source concentration . 
b Ad justed values were calculated by  summing can concentration 
values greater than the mean line source concentration plus 
one standard deviation . 
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Figure 1 5 . Comparison of  measured and calculated e vaporation 
loss values . The one-to-one line represents · 
equal loss values . 
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the potassium concentration in the cans may be the cause of the 
larger disc repency . 
Ano ther factor that could be a source of error i s  the drop size 
distribution taken from Kohl and DeBoer ( 1 984 ) . Thei r  measurements 
were made under no wind condi tions . That por tion of  the spray 
pattern emi tted 
droplets , whi le 
larger droplets . 
evaporation , the 
drops produced . 
into the wind could have broken up into 
the spray traveling with the wind could 
Since the large droplets do no t account 
onl y  significant effects might be from the 






taking place than predicted by the Kinzer and Gunn equation because 
of the drop size distri bution used in the calculations . 
In this s tudy , the amount o f  evaporation occurr ing from the 
large drops that fell in the high catch areas near the lateral was 
too small to measure . I f  Kinzer and Gunn ' s  theory was correct , there 
should be slight increases in the concentration of  the catch water 
even at high catch levels . However , drops larger than 1 . 5 mm in 
diameter would evaporate less than 0 . 3  % at 30 C and 60 % RH . Los ses 
of this magnitude are very difficult to measure and are wi thin the 
range of experimental error . Measurable potassium concentration 
inc rease s were noted at the -3-m location and from the 1 2-m l ocation 
out to the 30-m location , where calculations were di scontinued due to 
the low · volumes of water caught . Although trac e concentrations 
downwind from 30-m probably increase , extrapolation was not attempted 
because the confidence limits included zero . Also , the volume of 
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water caught beyond 30-m was less than 1 % of the total discharged 
water . 
Values of the components of equation 1 are presented in Table 4 .  
Q is the volume of water measured in the hor i z ontal plane c 
perpendicular 
measured in 
to the lateral . Q is the evaporation loss that was ec 
this same hori zontal plane . Q is the evaporation ev 
loss that was measured passing a vertical plane located 60 m downwind 
from the line source . Qt is the total volume of water discharged 
as measured b y  summing the values o f  water caught in catch containers 
plus the evaporation in the horizontal plaine , Qec ' · and in the 
verticle plane , Qev · Qt 
has some variability because of small 
differenc es in the amount of time used in setti ng the system to the 
proper pressure . Also there may be small discrepancies in the 
pressure setting because the gage needle vibrated about 10 kPa on 
ei ther side of the 1 00 kPa setting . 
The average values for Q and Q are 0 . 77 and 0 . 49 L /m , ec ev 
respec tively , which indicate that approximately 60 % of the total 
evaporat ion loss was from droplets that partial ly evaporated before 
reaching the catch cans . The remaining 40 % occurs from droplets 
that completely evaporated or never reached the soil surface before 
traveling 60 m downwind .  However , under high wind conditions (run 
no . 8 )  more than half o f  the measured loss is oc curring from the 
droplets caught at the 60-m pole . 
A compari son o f  evaporation values for experimental runs no . 5 
and 9 indicates that the portion of the evaporation at tri buted to 
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Table 4 .  Parti tion of total evaporation loss into Qec , loss based on 
the increase in potassium concentration in catch containers , 
loss based on potassium passing through a vertical p lane 60 m 
downwind from the line source . 
Run Spray Winds peed 
no . Plate m/s 
1 Smooth 6 . 67 
2 Smooth 4 . 65 
3 Smooth 4 . 90 
4 Smooth 6 . 30 
5 smooth 5 . 70 
6 serrated 6 . 80 
7 serrated 6 . 80 
8 serrated 9 . 7 1 
*9 smooth 5 . 92 
Ave rages 
* 2 m riser 
Qec Qev 
1 /m 1 /m 
0 . 68 0 . 86 
1 . 50 0 . 69 
1 . 10 0 . 46 
0 . 67 0 . 65 
0 . 74 0 . 50 
0 . 4 1 0 . 22 
0 . 63 0 . 32 
0 . 4 1 0 . 49 
0 . 76 0 . 23 
0 . 76 0 . 49 
Qt 
1 








1 7 1  
166 
and Qev , 
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Qev is decreased by lowe ring the sprinkler from 4 m to 2 m in 
elevation . 
I t  is  important to discuss Kinzer and Gunn ' s  evaporation predic-
tion theory as it  relates to sprinkler irrigation . Their theory is 
based on unchanging input s of  air temperature and relative humidity . 
In the case of sprinkler irrigation , evaporation from the spray may 
increase the relative humidity  of the air causing drople t s  that fall 
through this air to evaporate at  a slower rate due to the change in 
microclimate , though this effect is likely to be very small ( Kohl & 
Wright 1 974 ) . 
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ERROR ANALYS I S  
I t  is  important to assess t h e  impact of measurement errors o n  the 
accuracy of the resul t s . Estimated measurement errors are as follows : 
Catch can vol umes +/- 1 % .  
Intake volume o f  air samplers +!- 10 % .  
Wind velocity +!- 1 . 5 % .  
Atomic Absorption measurement s  +/- 1 . 5 % .  
Catch can volume errors were assumed to be equal t o  the smallest 
division on the graduated cylinders which were used to measure the 
volume of caught water . The air sampler intake volume error was 
associated with the hot wire anemometer calibration . The error in wind 
velocity measurements was determined from the accuracy of the 
anemometers . Errors in the atomic absorption data set were defined as 
the maximum difference between two subsample dilutions prepared from 
the same original samp le of many duplicate runs . 
The evaporation equation is : 
( 4 )  
where the parameters were previously defined . The maximum error would 
occur if minimized while  Q and Q were maximized . ec ev I f  
experimental errors a r e  assumed to b e  random , the reported values 
should be accurate .  I f  errors occurred in a worst case scenario , the 
evaporation loss for the run wi th the greatest loss ( no . 2 )  could be 
between 0 and 4 . 5  % .  
The greatest contri bution to the total error is associated with 
so 
the atomic absor ption procedure . I f  the lateral samples are 
consistently read high , and the catch cans consi stently low , a lar ge 
change in 
wi th the 
the smal l Q values results . The maximum error associated ec 
Q values accounts for 96 % o f  the maximum error for the ec 
composite evaporation data values . 
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FUTURE WORK 
Many things have been learned in this study about evaporation 
from low pressure sprinklers . However ,  to completely understand 
evaporat ion loss , basic research shoul d be conduc ted  to determine the 
effect of air turbalence on water droplets in fl ight . Al so  future 
studies could be done to determine the. potassium concentrations in 
the very small catches not measured in this study which were assumed 
to be negligible . 
Future work could include tests run under a wide range o f  
climatic conditions at different parts  o f  the United States to verify 
the resul ts achieved in this study . In order to mor e  completely 
evaluate evaporation a simi lar study could also be conducted with a 
variety of nozzles and sprinkler types . Greater accuracy could be 
accomplished by improving the pipetting laboratory procedure . 
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SUMMARY AND CONCLUSIONS 
Research was conducted to measure evaporation loss from low 
pressure sprinklers on a simulated center pivot or linear move 
irrigation machine . Evaporation losses were  determined by monitoring 
the fate of  a potassium tracer placed in the water supply .  
Instrumentation was devised to measure evaporation losses above a 
hori zontal plane , the soil surface , and through a vertical plane 
located 60 m downwind from the irrigation sprinklers by means of the 
potassium tracer . 
Evaporation losses associated with drops falling to the soil 
surface were determined be the increase in po ta�sium concentration of 
water collected in catch can devices . High density glass fiber 
filters were  installed in air samplers and used to trap potassium 
particles suspended in the air at the 60-m station . Total potassium 
caught in the filters and mist carried past this distance represented 
evaporation losses . Potassium ion concentrations were  measured with 
an atomic absorption uni t . The potassium tracer methodology produced 
more accurate measurements of evaporation losses than methodologies 
used in other studies . 
Evaporation measurements were made during the summers of  1 984 and 
1985 . Air samplers were  located 40 m downwind from the sprinklers 
during the first year of the study under the assumption tha t little 
mist drift would occur beyond 40 m.  Also , evaporation estimates were 
based on air sampler measurements under the assumption that 
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evaporation from drops reaching the soil surface would be negligible 
and that most of  the evaporation would occur from air borne droplets . 
These assumptions were not supported by an analysis o f  the 1 984 data 
set . 
Evaporation losses were determined from potassium c oncentration 
changes measured for boththe horizontal and ver t ical planes during 
1 985 . The air sampl�rs  were moved 60 m downwind from the sprinklers 
to minimize wind drift complications . Six exper imental runs were 
conduc ted with smooth plates on the sprinklers and three runs  wi th 
coar se serrated spray plates . The smooth spray plates p roduce smaller 
droplet distri butions than the course serrated plates . Evaporation 
losses were greater for the smooth spray plate sprinklers than for the 
course serrated plate sprinklers wi th average values of  0 . 9 1 and 0 . 50 
% ,  respectively .  
Th� 1985 results correlated very well with Kinzer and Gunn ' s  
method of calculating evaporation loss . The smooth spray plate 
measured data were �ssentially the same as the calculated values 
producing a correlation coefficient of 0 . 98 .  Kinzer  and Gunn ' s  me thod 
is recommended to estimate evaporation loss in the field . 
Error analysis of the measurements and procedure used in this 
investigation revealed the overall  accuracy with which e vaporation was 
measured by means of the tracer method . I f  experimental errors are 
assumed to be random in occurrance , the reported values are accurate . 
However , if the errors occurred in a worst case scenario , the 
evaporation loss for the highest reported value of 1 . 4 % could be 
be tween o and 4 . 5  % could be between 0 and 4 . 5  % 
Conclusions o f  this study were as follows : 
1 .  A field system using a sprinkler line source to s imulate the 
outside span of  a center pivot irrigation machine was 
successfully designed , constructed and used t o  measure s pray 
evaporation losses . 
2 .  Potas sium was succe ssfully used as a chemical tracer to 
measure spray e vaporation losses • . 
3 .  Evaporation losses from the operation o f  low pressure spray 
spr inkler s  were small , usually less than 3 % during daylight 
conditions . 
4 .  Mea�ured evaporation losses for a 
smooth spray plate sprinkler averaged 0 . 9 1 % with minimum and 
maximum values of 0 . 70 and 1 . 4% , respectively . 
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5 .  Calculated evaporation losses derived from basic labora tory data 
sets by Kinzer and Gunn were highly correlated ( R2=0 . 98 )  with 
measured losses for the smooth spray plate sprinkler . 
6 .  Measured evaporation losses for a coarse serrated spray plate 
averaged 0 . 50 % with the minimum and maximum values being 0 . 36 
and 0 . 57 % .  The corresponding calculated values ranged from 0 . 09 
to 0 . 2 1  % .  
7 .  Approximately one hal f  o the evaporation loss occurred from 
water droplets that did not reach the soil sur face . 
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The val ues of the mean and one standard  deviation o f  the pond or 
line source water are presented in table A 1 . Analysis was accomplished 
by diluting one part of  source water with 99 parts of disti lled water 
to obtain an on-scale reading on an atomic absorption uni t . 
Table A 1 . Mean and standard deviation of  the 
potassium concentration of the source water . 
Run Mean source water One standard 
No . potassium concentration deviation 
ppm ppm 
1 3525 20 
2 4838 63 
3 4546 152  
4 4330 1 1 8 
5 3060 28 
6 4030 60 
7 4401 1 1 7  
8 3443 43 
9 4974 90 
Table l B .  Summery of data collected on Aug . 23 , 1 984 
Hor i zontal 
Can Catch 
Location 
m ml ml 
-3 0 . 0  0 . 0  
-2 8 . 0  7 . 8  
- 1  28 . 0  29 . 8  
0 59 . 2  60 . 7  
1 1 0 1 . 5  93 . 0  
2 1 1 4 . 7  1 1 9 . 0 
4 1 34 . 3  142 . 0  
6 180 . 0  184 . 5  
8 1 10 . 0  1 20 . 5  
10  3 1 . 0  36 . 1  
1 2  1 3 . 7  1 3 . 8  
1 5  37 . 0  
20 1 1 . 4 
25 3 . 8 
30 1 . 5 
35 0 . 8  
40 0 . 1  
Air temperature 2 2 . 6  C 
Relative humidity 55 % 
Vertical 
Air Sample Concentration 
Height in Fi lters 
m ppm 
8W 2 5  




2E 1 35 
lW 1 28 
lE 1 60 
Check 1 1  
Source 6200 






3 . 55 
3 . 73 
4 . 1 5 
4 . 94 
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m ml ml 
-3 0 . 0  0 . 0  
-2 0 . 0  o . o  
-1 o . o  0 . 0  
0 0 . 2  0 . 4  
1 1 . 7  1 . 8 
2 3 . 6  7 . 1  
4 34 . 3  30 . 1  
6 7 3 . 0  7 1 . 0  
8 1 1 5 . 5  106 . 0  
10 1 52 . 5  1 39 . 5  
1 2  1 55 . 8  1 50 . 6  
1 5  354 . 8  
20 1 36 . 0  
25  65 . 0  
30 1 7 . 2  
35 20 . 0  
40 1 2 . 3  
Air temperature 23 . 4  C 
Relative humidity 6 1  % 
Vertical 
Air Sample Concentration 








1W 1 525 
1E 2000 








5 . 75 
6 . 50 
7 . 48 
8 . 6 1 
60 




m ml ml 
-3 2 . 8 2 . 8  
-2 1 5 . 9  - . -
-1 4 1 . 0  - . -
0 8 1 . 0  82 . 0  
1 1 08 , 5  - . -
2 1 29 . 0 1 33 . 0  
4 1 48 . 3  142 . 0  
6 1 90 . 0 1 90 . 0  
8 1 55 . 0  153 . 0  
10 35 . 0  30 . 5  
1 2  1 0 . 4  1 0 . 4  
1 5  30 . 0  
20 9 . 2  
25 2 . 7  
30 1 . 2 
35 0 . 2  
40 0 . 1 
Air temperature 36 . 2  C 
Relative humidity  28 % 
Ver tical 
Air Sampl e  , Concentration 
Height in Filter s 
m p pm 
8W 30 
BE 26 
4W 1 04 
4E 79 
2W 209 











3 . 0 1  
3 . 37 
3 . 88 
4 . 68 
6 1  




m ml ml 
-3 . - . -
-2 1 0 . 3  10 . 4  
- 1  34 . 0  33 . 0  
0 68 . 0  68 . 5  
1 1 00 . 0  103 . 0  
2 1 20 . 0  1 23 . 5  
4 1 32 . 0  1 3 1 . 0  
6 1 60 . 0  1 88 . 0  
8 1 88 . 0  1 72 . 0  
1 0  63 . 0  60 . 5  
1 2  1 7 . 4  1 7 . 6  
1 5  4 1 . 5  
20 1 3 . 8  
25  4 . 6  
30 4 . 6  
35 1 . 5 
40 0 . 9  
Air temperature 20 . 0  C 
Re lative humidity 45 % 
collected on Sep t . 5 ,  1 984 
Ver tical 
Air Sample Concentrat ion 







2E 9 1  
1W 1 2 1  
1 E  1 23 








4 . 2 1 
4 . 52 
5 . 01 
5 . 8 1 
62 
Table 1 C . Summery of data collected on July 1 7 , 1 985 
Hor izontal Data 
Can Cat ch 
Location 










1 0  
1 2  











2 . 2  
8 . 6  
1 8 . 5  
32 . 0  
62 . 0  
79 . 5  
107 . 5  
1 36 . 0 
86 . 0  
69 . 0  
20 . 0  
6 . 6  
2 . 3 
1 . 0 
0 . 5  
0 . 5  
0 . 4  
0 . 2  
0 . 2  
- . -
2 . 2  
8 . 5  
1 7 . 4  
33 . 5  
63 . 0  
85 . 0  
105 . 0  
1 44 . 0  
90 . 0  












4 1 50 
4375 
Source 3525 
Std . Dev . 20 
Air temperature 29 . 2  C 
Relative humidity 70 % 













1 E  








7 1  
77  
95 








5 . 23 
5 . 98 
6 . 67 
7 . 57 
63 




m ml ml 
-3 - . - - . -
-2 1 . 2 1 . 3 
- 1 5 . 4  5 . 4  
0 1 7 . 6  1 6 . 7  
1 35 . 0  33 . 0  
2 56 . 0  55 . 0  
4 82 . 0  8 1 . 0  
6 100 . 0  94 . 0  
8 1 2 7 . 0  1 33 . 0  
10  140 . 0  132 . 0  
1 2  54 . 0  57 . 0  
1 5  4 1 . 0  
20 - . -
25 4 . 8  
30 1 . 4 
35 - . -
40 0 . 3  
45 0 . 2  
so 0 . 1 
55 0 . 1 
60 0 . 0  
Source 
Std . Dev . 









47 1 7  
4800 
4969 
5 1 6 1  
6 1 6 1  
4838 
62 
Air temperature 29 . 0  c 
Relative humidity 60 % 
Ver t ical Data 














Cone . in 
Filters 
ppm 
6 . 2  
6 . 2  
6 . 9  







5 . 9  
Elevation Windspeed 
m m/s 
1 4 . 96 
2 5 . 62 
4 6 . 30 
8 7 . 24 
1 2  7 .  20 
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Table 3C . Summery of data collected on Aug . 1 ' 1 985 
Hor izontal Data 
Can Catch Cone . in 
Location Water 
m ml ml ppm 
-3 5 . 8  5 . 8  4600 
-2 20 . 0  2 1 . 1  4350 
-1 45 . 0  - . - 4400 
0 75 . 0  74 . 0  4310 
1 84 . 0  92 . 0  4400 
2 102 . 0  1 1 0 . 0  4520 
4 1 1 6 . 0  1 25 . 0  44 1 0  
6 1 50 . 0  1 46 . 0  4350 
8 1 1 3 . 0 1 34 . 0  44 1 0  
1 0  53 . 0  58 . 0  44 10 
12  1 8 . 3  20 . 2  4370 
1 5  2 2 . 0  5 1 1 0 
20 7 . 6  4540 
25 2 . 2  4500 
30 1 . 6  5325 
35 0 . 3  
40 0 . 1 
45 0 . 0  
so 0 . 0  
55 0 . 0  
60 0 . 0  
Source 4546 
Std '• Dev . 1 52 
Air temperature 22 . 7  C 
Relative humi dity 54 % 
Ver tical Data 
Air Sample Cone . in 










1W  67 
1E 66 







1 2  
3 . 4 7  
4 . 34 
4 . 65 
5 . 29 
- . -
65 
Table 4C . Summery of data collected on Aug • 2 , 1 985 
Hor izontal Data Ver t ical Data 
Can Catch Cone . in Air Sample Cone . in 
Locat ion Water 
m ml ml 
-3 2 . 9  1 . 9  
-2 1 9 . 9  1 8 . 1  
- 1  47 . 5  45 . 2  
0 74 . 5  74 . 0  
1 9 1 . 0  92 . 3  
2 99 . 0  1 03 . 8  
4 99 . 0  9 7 . 3  
6 7 7 . 6  88 . 5  
8 1 74 . 0  59 . 5  
1 0  75 . 2  62 . 0  
1 2  1 5 . 1  1 4 . 6  
1 5  1 3 . 0  
20 4 . 6  
25 2 . 6 
30 1 . 1  
35 0 . 4  
40 0 . 3  
45 0 . 1 
so 0 . 0  
55 0 . 0  
60 0 . 0  
So11rce 
Std . Dev . 
Ai r t emperature 20 . 9  C 
Relative humidity  7 1  % 
ppm 



































1 2  
5 . 7 1 
6 . 40 
7 . 26 
7 . 9 1 
8 . 0 1 
Filters 
ppm 
4 . 9  
4 . 9  
4 . 8  
4 . 6  
30 




4 . 4  
66 
Table SC . Summer y  of data collected on Aug . 2 ,  1 985 
Horizontal Data Ver tical Data 
Can Catch Cone . in Air Sample Cone . in  
Location Water 
m ml ml 
-3 2 . 6  3 . 0  
-2 1 0 . 8  9 . 8  
-1  33 . 1  33 . 0  
0 7 2 . 0  68 . 0  
1 90 . 0  9 1 . 0  
2 1 07 . 0 1 08 . 0  
4 1 1 2 . 0  1 1 6 . 0  
6 1 03 . 0  9 1 . 0  
8 1 38 . 0  1 46 . 0  
1 0  58 . 0  65 . 0  
1 2  1 7 . 5  2 2 . 0  
1 5  1 2 . 2  
20 5 . 4  
25 2 . 0 
30 0 . 8  
35 0 . 2  
40 0 . 1 
45 0 . 0  
so 0 . 0  
55 0 . 0  
60 0 . 0  
So!Jrce 
Std . Dev .  
Air temperature 25 . &  C 
Relative humidity 60 % 
ppm 
3250 
3 1 50 
3 1 10 




301 0  
3020 
3050 
















1 E  
check 
Elevation Windspeed 






5 . 1 5 
5 . 97 
6 . 80 
8 . 00 
8 . 00 
Fi lters 
ppm 
4 . 0  
4 . 1  
3 . 8  
3 . 8  
2 1 . 5  
1 9 . 5  
3 1 . 5  
24 . 9  
26 . 2  
3 . 5  
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m ml ml 
-3 
-2 








1 2  










0 . 4  
5 . 6  
2 2 . 8  
47 . 8  
64 . 1  
85 . 0  
103 . 6  
106 . 0  
1 2 7 . 0  
99 . 0  
30 . 0  
2 1 . 0  
- . -
5 . 1  
4 . 0  
1 . 2 
1 . 0 
0 . 8  
0 . 1 
0 . 0  
0 . 0  
- . -
7 . 0  
23 . 6  
48 . 5  
79 . 6  
102 . 0  
1 1 9 . 0  
1 23 . 5  
83 . 0  
25 . 8  
















Std . Dev . 60 
Air temperature 30 . 0  C 
Relati ve humidity  66 % 















Cone . in 
Filters 
ppm 
5 . 0  
4 . 9  
5 . 0  
4 . 6  
26 . 0  
26 . 7  
36 . 8  
52 . 0  
39 . 5  
5 1 . 6  







1 2  
6 . 0 1 
6 . 94 
9 . 7 1 
9 . 09 -
9 . 07 
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Table 7C . Summery of data collected on Aug . 1 5 , 1 985 
Horizontal Data Ver tical Data 
Can Catch Cone . in Air Sample Cone . in 
Location Water 
m ml ml 
-3 1 . 8 1 . 6 
-2 7 . 7  7 . 0  
- 1  2 2 . 3  2 1 . 9  
0 45 . 0  46 . 0  
1 67 . 0  - . -
2 89 . 0  89 . 0  
4 1 03 . 0  1 05 . 0  
6 1 35 . 0  1 32 . 0  
8 1 48 . 0  1 44 . 0  
10 86 . 0  96 . 0  
1 2  26 . 7  2 7 . 9  
1 5  3 1 . 2  
20 1 0 . 2  
25 4 . 0  
30 0 . 7  
35 0 . 1 
40 0 . 0  
. 45 0 . 0  
50 0 . 0  
55 o . o  
60 0 . 0  
Source 
Std .� Dev .  
Air temperature 22 . 2  C 














5 1 70 
5420 
440 1 




















1 2  
3 . 62 
4 . 20 
4 . 90 
5 . 36 
5 . 52 
Fi l ters 
p pm 
8 . 7  
9 . 8  
2 3 . 5  
1 9 . 5  
1 05 . 0  
70 . 8  
1 0 1 . 0  
1 4"7 . o  
1 14 . 5  
1 1 6 . 0  
5 . 2  
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Table 8C . Summery of data co llected on Aug . 26 , 1 985 
Hori zontal Data 
Can Catch Cone . in 
Location Water 
m ml ml ppm 
-3 0 . 7  0 . 9  -0 
-2 5 . 8  5 . 6  3760 
-1 18 . 8  1 8 . 6  3360 
0 4 1 . 5  54 . 1  3370 
1 64 . 0  62 . 0  3400 
2 80 . 0  8 1 . 5  3400 
4 98 . 0  96 . 0  34 10  
6 1 15 . 0  1 20 . 5  3520 
8 1 43 . 0 142 . 0  3400 
10 1 25 . 0  1 1 4 . 0  3600 
1 2  37 . 5  35 . 0  3700 
1 5  34 . 0  3890 
20 3 . 8  
25  3 . 7  
30 - . -
35 0 . 8  
40 0 . 2  
45 0 . 2  
so 0 . 0  
55 0 . 0  
60 0 . 0  
Source 3443 
Std . - Dev . 43 
Air temperature 24 . 0  C 
Relative humidity 67 % 
Ver tical Data 
Air Sample Cone . in 
Height Fi l ters 
m ppm 
1 2W 5 . 1 
1 2E 4 . 6  
8W 1 2 . 7  
8E 10 . 0  
4W 55 . 0  
4E 4 7 . 8  
2W 5 9 . 5  
2E 9 1 . 2  
1W 84 . 2  
1E  73 . 0  







1 2  
3 . 9 1 
4 . 47 
5 . 14 
5 . 52 
5 . 8 1  
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Table 9C . Summer y  of data collected on Sept . 1 7 ,  1 985 
Hor izontal  Data 
Can Catch Cone . in 
Location Water 
m ml ml ppm 
-3 3 . 6  3 . 2  5600 
-2 33 . 5  32 . 8  5200 
-1  93 . 0  9 1 . 0  4900 
0 1 46 . 5  1 4 1 . 0  4960 
1 149 . 5  1 50 . 5  4970 
2 1 65 . 0  1 62 . 0  50 10 
4 1 82 . 0  1 73 . 0  4890 
6 2 1 2 . 0  208 . 0  5020 
8 - 58 . 0  6 1 . 0  5010 
10 8 . 5  7 . 2  5850 
1 2  2 . 8  2 . 8  7300 
1 5  0 . 9  
20 0 . 0  
25 o . o  
30 o . o  
35 0 . 0  
40 0 . 0  
45 0 . 0  
so 0 . 0  
55 0 . 0  
60 0 . 0  
Source 4974 
Std : Dev . 90 
Air temperature 26 . 6  C 
Relative humidity  72 % 
Ver tical Data 
Air Sample Cone . in 
Height Fil t ers 
m ppm 
1 2W 4 . 7  
1 2E 4 . 7  
8W 7 . 9  
BE 7 . 3  
4W 29 . 5  
4E 35 . 6  
2W 43 . 2  
2E 54 . 8  
lW 43 . 7  
IE 47 . 0  
check 4 . 6  
Elevation Windspeed 





1 2  
4 . 42 
5 . 1 7 
5 . 92 
7 . 02 
6 . 80 
7 1  











1 E  
A i r  Flow Rate 
3; . m m1nute 
2 . 07 
1 . 73 
2 . 1 6 
2 . 00 
2 . 29 
1 . 42  
2 . 08 
2 . 1 0 
1 . 73 
2 . 07 
72 
